The objective of this study was to test the hypothesis that contra-regulatory T (Tcr) cells were present in 6-8-weekold BALB/c mice, but not in mice aged older than 10 weeks. The role of Tcr cells is blockade of the suppressive effect of Tr cells. Such contra-regulatory effects are mediated through soluble factors or via cognate interaction with Tr cells. The diminution of the ability to suppress DTH of CD4 ϩ
Tr cells by interaction with CD8
ϩ Tcr cells was examined in the present study. Furthermore, we attempted to elucidate the binding mechanism for Tcr and Tr cells. Although this phenomenon is transient in the mouse growth process, we believe it resembles, in part, peripheral T cell development. This finding suggests that a network of T cells has evolved in regulation of DTH response to Sheep Red Blood Cells (SRBC) by T-T cell interaction via adherent molecules. Although the pathway of suppression of DTH by TPA alone appears to be quite different from that of the DMBA/TPA model, it is likely that a soluble factor(s) is involved in both cases. 11, 12) The effects of contra-regulatory cells on DTH suppression by CD4 tibody (BIOSYS, Compiegne, France) was utilized as a second antibody for anti-LFA-1 and anti-ICAM-1 antibodies. Rat-IgG2a (CALTAG Laboratories, San Francisco, CA, U.S.A.) served as a control. Fc receptors on mouse spleen cells were blocked with the Fc fragment of mouse IgG (Jackson Laboratories, West Grove, PA, U.S.A.)
Assay of DTH From 7-12 d following immunization with 1ϫ10 8 SRBC, animals were challenged with 1ϫ10 8 SRBC injected into the footpad of the left leg. Footpad thickness was measured with a dial thickness gauge (Teclock Corp., Tokyo, Japan) before and 24 h after immune challenge. The increase in thickness was recorded as swelling of the footpad. Results were expressed as follows: (mean footpad swelling of experimental mice)Ϫ(mean footpad swelling of background response). In all experiments, six mice were employed for background swelling response (negative control). The degree of footpad swelling was expressed in units of 10 Ϫ2 mmϮS.E. Induction of the Regulatory Cell by TPA In vivo TPA treatment was conducted by painting 16 nmol of TPA in 50 ml of ethanol (optimized in the previous paper) on the dorsal skin of immunized mice. Mice were subsequently immunechallenged with SRBC 3 d following painting.
Measurement of DTH Suppression by Regulatory Cells Previously, the preparative method of spleen cells was presented in detail.
11) Spleen cells from 10-week-old BALB/c mice (10w-mice) painted with TPA were used as regulatory cells. Cell suspensions of 1ϫ10 7 cells/20 ml and SRBC of 1ϫ10 8 cells/10 ml were injected into the identical region of the footpad at the time of immune challenge to the primed 10w-recipient mice. The degree of footpad swelling was measured after 24 h.
Measurement of Contra-suppression Spleen cells from unprimed BALB/c mice at 6 weeks of age and from mice painted with TPA at 10 weeks of age served as contra-regulatory or regulatory cells, respectively. Regulatory cells and contra-regulatory cells were pelleted together at a ratio of 10 : 1, incubated for 30 min at 37°C and resuspended in Hank's balanced salt solution (HBSS). In some cases, regulatory cells were incubated with contra-regulatory cells separated by membranes. Cell suspensions of 1ϫ10 7 cells/40 ml were intravenously transferred to 10w-recipient mice immunized with SRBC 4 d prior. After 3 d, recipient mice were immune-challenged on the left hind footpad. Footpad swelling was measured after 24 h.
Antibody Treatment of Regulatory Cells and Contraregulatory Cells Treatment of contra-regulatory cells with anti-Thy 1.2, anti-Lyt-2.1, anti-Lyt-2.2 or anti-L3T4 antibodies was performed as described previously. 9) Treated cells were adjusted to 1ϫ10 7 cells in 40 ml of HBSS and intravenously injected into 10w-BALB/c recipient mice. Regulatory or contra-regulatory cells were pretreated with anti-LFA-1 (KBA) or anti-ICAM-1 (KAT-1) antibody for 90 min on ice. These monoclonal antibodies were added at a final dilution of 1/50. Cells were washed three times with HBSS and resuspended in the culture medium. Regulatory and contraregulatory cells were pelleted together, incubated for 20 min at 37°C and resuspended in HBSS.
Temperature Effect on Contra-suppression Regulatory and contra-regulatory cells were pelleted together, incubated for 20 min at 4°C or 37°C and resuspended in HBSS.
The mixed cell suspension (1ϫ10 7 cells/40 ml) was intravenously transferred into 10w-recipient mice. Subsequently, the suppression of DTH was measured. In some cases, cells were pretreated with a mixture of 50 mM 2-deoxy-D-glucose and 10 mM sodium azide. Cells were washed and injected into recipient mice.
Immunofluorescence Staining and Analysis Spleen cells (2ϫ10 7 cells/5 ml) were incubated on ice for 30 min in phosphate buffered saline (PBS) supplemented with 5% FCS and 2 mg of the blocking antibody to 1ϫ10 6 cells. Cells were diluted 10-fold with HBSS, followed by centrifugation for 10 min at 4°C at 250ϫg. Cells were then pelleted and suspended (2ϫ10 6 cells/ml) in the aforementioned buffer containing the following antibody dilution. PE-conjugated anti-L3T4 or anti-LY2 monoclonal antibody was added at concentration of 0.5 mg/5 ml so as to label 1ϫ10 6 cells. FITCanti rat IgG2a as a second antibody and control rat IgG2a were added in 1 ml to label 1ϫ10 6 cells. Cells were washed with PBS three times and suspended in 400 ml of PBS with 2% FCS. Debris, erythrocytes and dead cells were excluded from analysis by forward and side scatters. At least 5ϫ10 4 cells were analyzed in each assay.
Percentage Suppression Percentage suppression in the present study was calculated as Statistics Student's t test was used for identification of significant variance between treatments.
RESULTS
Age-Dependent Tr Cell Induction via Painting with TPA DTH response in BALB/c and B6 mice at 6-8 weeks of age was not suppressed by painting with TPA. However, when mice were older than 10 weeks, DTH response was suppressed by TPA painting ( the difference in the effect of TPA on DTH suppression between animals aged 6-8 weeks and those over 10 weeks of age was very interesting.
Existence of Contra-regulatory Cells Inhibiting Suppressive Activity of CD4
؉ Tr Cells for DTH BALB/c mice were employed in this study of contra-regulatory cells due to ease of handling. Assuming the existence of contraregulatory cells in the spleen at 6-8 weeks of age, cells from unprimed 6w-mice were mixed with regulatory cells from TPA-treated 10-week-old mice. The cell mixture was then cultured. Following culture, mixed cells were injected into immunized 10w-recipient mice. Subsequently, the effect on DTH in these mice was examined. As presented in Fig. 1 , the suppressive activity of Tr cells diminished when Tr cells were cultured with spleen cells from unprimed 6w-mice in the same well, prior to transfer into the recipient mice. However, when Tr cells were cultured separately from spleen cells from unprimed 6w-mice, similar in manner to the condition of preventing direct interaction utilizing Millipore membranes, the suppressive activity of Tr cells was not affected. These observations suggested that the suppressive activity of Tr cells might be inhibited via contra-suppression. Thus, it was possible that contra-regulatory cells inhibited the activity of regulatory cells through physical contact.
Contra-suppression at various ratios of regulatory and contra-regulatory cells was examined. Spleen cells functioned as contra-regulatory cells in the inhibition of the suppressive activity of Tr cells (ratio of 1 : 1000) (Fig. 2) . Surface markers of contra-regulatory cells were determined via treatment with antibody and complement (Fig. 3 ). These data show that contra-regulatory cells are CD8 (Fig. 4) . Energy production and contra-suppression were inhibited by combined treatment with sodium azide and 2-deoxy-D-glucose. Tcr cells bound effectively at 37°C; however, binding was ineffective at 4°C. This observation was identical or very similar to that of the LFA-1/ICAM-1 adhesion mechanism.
15) The specificity of this interaction was demonstrated by inhibition with anti-LFA-1 (KBA) and anti-ICAM-1 (KAT-1) monoclonal antibodies, which blocked cell-cell adhesion (Fig. 5a ). Contra-suppression diminished upon treatment of Tcr cells with anti-LFA-1 or anti-ICAM-1 antibod- (Fig. 5b) . ICAM-1 on Tr cells was probably a target molecule for contra-suppression.
Body and Thymus Weight Following Growth in 4-14-Week-Old Mice Ratio of increment in body weight among C3H/He, C57BL/6 and BALB/c mice was quite similar (Fig.  6a) . However, C3H/He mice were the earliest of these strains to exhibit a reduction rate in thymus weight (Fig. 6b) . Thymus weight of C3H/He mice at four weeks of age demonstrated reduction greater than that of C57BL/6 and BALB/c mice at 6 weeks of age. These data indicated that C3H/He mice might exhibit the earliest differentiation and development of T cells among the tested strains. Consequently, CD4 
DISCUSSION
Our previous report indicated that suppression of DTH by TFA painting alone varied with mouse strain at 6-8 weeks of age. 12) TPA treatment induced suppression of DTH response in B6 and BALB/c mice aged older than 10 weeks ( Table 1) . The difference in Tr cell induction among the strains disappeared when the animals were from 8-10 weeks old. We reported previously that DTH response in BALB/c mice at 6-8 weeks of age was suppressed by painting with TPA 24 h prior to antigen challenge; however, this effect was transient and disappeared when the antigen challenge occurred 72 h after TPA treatment. 9) No transferable regulatory cells were detected in the system. In actuality, suppression of DTH response was not caused by TPA in 6-8-week-old BALB/c mice, as suppression was dependent on the presence of CD8 ϩ T cells that inhibited the ability of CD4 ϩ Tr cells. This phenomenon appears similar to contrasuppression described by Gershon et al. 13) This work suggested that antigen-stimulated Lyt-2 Ts cells produced a biologically active factor that induced unprimed Lyt-1.2 Tcr cell inhibition of suppressive activity mediated by antigen-stimulated Lyt-2 Ts cells.
Previous investigation has suggested a specific role of Tcr cells in autoimmunity. Tcr cells spontaneously appeared in kdkd mice at the age of 8-10 weeks; moreover, these cells are probably responsible for the abrogation of self-tolerance to renal autoantigens. 14) Mercuric chloride (HgCl 2 ) induced an antigen-nonspecific immuno-regulation in Lewis rats; furthermore, this compound was able to down-modulate experimental allergic encephalomyelitis (EAE). Vicia villosa-adherent CD4 ϩ Tcr cells inhibited the ability of CD8 ϩ Tr cells and broke mercury-induced protection against EAE in the model. 15, 16) Such contra-regulatory function was mediated through a T cell-derived soluble protein. 13, 17) In the present study, suppression of DTH response by TPA treatment was exerted by CD4 Tcr cells was observed via incubation of these cells at 37°C; however, this effect was not evident at 4°C. Upon treatment with sodium azide and 2-deoxy-D-glucose, which inhibits energy production, the contra-suppression by CD8 ϩ Tcr cells was abolished (Fig. 4) . These results suggest that the binding of CD8 The inability to suppress DTH response in BALB/c mice under 8 weeks of age by TPA is dependent on the presence of CD8 ϩ Tcr cells, which inhibit the ability or induction of Tr cells. As presented in Fig. 5a , treatment of Tr or Tcr cells with anti ICAM-1 antibody did not affect the activity of these cells adoptively transferred in 10w-primed mice. This result suggested that ICAM-1 molecules on Tr and Tcr cells were required for contra-suppression but not for DTH suppression. In addition, Tr cells from 10w-BALB/c mice could not suppress the DTH response in 6w-primed recipient BALB/c mice, in which Tcr cells were present. However, DTH response in 6w-primed recipient BALB/c mice was suppressed by transfer of Tr cells, with an anti ICAM-1 antibody (Fig.  5b) .
The degree of increment in body weight was quite similar among BALB/c, C3H/He and C57BL/6 mice aged 4-14 weeks. Thymus involution in C3H/He occurred at the earliest time among these mice (Figs. 6a, b) . It was generally considered that reduction in thymus weight was comparable to number of thymus cells. 19, 20) This phenomenon indicated the gradual termination of T cell development in thymus as a first lymphoid tissue. Thus, selection and maturation of Tr cells may terminate earlier in C3H/He mice. During this period, T cells may mature to next stage cells in spleen or lymph nodes as a secondary lymphoid tissue. ICAM-1 expression on CD4 T cells slightly increased at 10 weeks of age relative to 6 weeks in BALB/c mice. In the presence of TPA, ICAM-1 expression increased in 10-week-old mice (Fig. 7) . In contrast, LFA-1 molecules on CD4 ϩ Tr cells were not essential for adhesion to CD8 ϩ Tcr cells. Footpad swelling in 6w-BALB/c mice was not suppressed by the transfer of Tr cells with an anti LFA-1 antibody, suggesting that DTH suppression was blocked. Although LFA-1 molecules are thought to be important for cell adhesion, LFA-1 molecules on Tr cells may not be involved in contra-suppression. Alternatively, with treatment of anti LFA-1 antibody, the suppressive activity of Tr cells might be directly abolished or inhibited by Tr cell recruitment in inflammatory regions. Suppressive activity of the cells could not be transferred even into the antigen-primed 10w-BALB/c recipient mice, in which contra-suppression activity was absent (data not shown).
Our studies revealed that CD8 ϩ contra-regulatory cells blocked the suppressive activity of CD4 ϩ Tr cells through cognate interaction. The difference in the effect of TPA painting on DTH response among eight inbred murine strains appears to be due to the balance of CD4 ϩ Tr and CD8 ϩ Tcr cells. However, CD4 ϩ T cells purified from unprimed 6w-BALB/c mice were not activated by culture with TPA in vitro. This result suggested that no Tr cell precursor exists in mice at this age (data not shown). Therefore, non-suppressive effects of TPA on DTH response in 6w-BALB/c mice may be explained by the absence of precursor Tr cells or contra-suppression via CD8 ϩ Tcr cells. Moreover, the difference in sensitivity to TPA in spleen cells is involved in the peripheral development of CD4 ϩ T cells. This report is the first to document the participation of adhesion molecules, LFA-1 and ICAM-1, in contra-regulation and T-T cell interaction. The mechanism of contra-suppression (e.g., perforin-mediated lysis, apoptosis, etc.) remains unclear as Tr and Tcr cell sources are bulk populations. We wish to further investigate the mechanism of contra-regulation in vitro employing CD4 ϩ
CD25
ϩ Tr cells, which are believed to function as cell mark-ers of human regulatory T cells, 21, 22) and purified Tcr cells, though markers for these cells are unknown.
